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Introduction

SUSY precision measurements Wish list for sparticle hunters:

— Test of supersymmetry e Quantum numbers,
relations couplings

— Unravel underlying e Masses

breaking mechanism e Sparticle mixing

SUSY measurements at a LC: e tan B and trilinear couplings
e Clean environment e CP violation

e High luminosity
L = 500 — 1000 fb—1

e Polarization of both eT beams

This work: focus on precision determination of sfermion properties



Determination of sfermion quantum numbers

Probe chiral quantum numbers (L/R) of selectrons in

ete — éj_é'j_ Bldchinger, Fraas, Moortgat-Pick, Porod '02

t-channel neutralino exchange:

— Direct relation between incoming beam polariza-
tion and outgoing selectron chirality
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Quantitatively: Determination of sfermion couplings
f o f 2
v vl o g

~

Fundamental relation
in supersymmetry: g =g =g f f f

Can be tested for electroweak sector in slepton production:

g’ U(1) coupl.
g SU(2) coupl.

Cross-section measurementwith 500 fbo—! at ete™ collider:

69" /9" ~ 1% 05’ /g’ ~ 0.2% A.F.'02
63/9 ~ 0.7%

Theoretical uncertainty?!
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Radiative corrections to slepton production
A.F., v.Manteuffel, Zerwas '02

Complete O(«) corrections in MSSM to 1 and € pair production
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— Corrections of 5—10%



Radiative corrections to sfermion decay

Complete O(a) corrections to sfermion decay f — fx?, f— f’;’gf
Guasch, Hollik, Sola '01
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General features of EW corrections to sfeArmion production and decay:

e Sparticles in loops do not decouple: Jeff _ 1 < log Qp, Q< M]g

Jeff

e [ hreshold-like corrections
e Renormalization: see e.g. Hollik et al. '02



Testing coupling relations in SUSY-QCD °

Brandenburg, Maniatis, Weber, Zerwas '02

Verification of SU(3) coupling relations in associated production at
eTe~ colliders:
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e NLO SUSY-QCD corrections enhance cross-sections up to ~20%
e Significant reduction of scale dependence



Sfermion mass measurement

End-point kinematics Tsukamoto et al. '95
Martyn, Blair '99

Two-body decay f — f;}? — Flat energy spectrum for f
end points determine my and M0

1

Problem: Backgrounds, fake edges
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Subtraction of background in selectron production _
Dima et al. '02

Mixed selectron production ég'éﬂ' — different distrib. for e~ and e™T

e Subtract e~ and eT distributions — cancel backgrounds
e Subtract distributions for L/R pol. — discriminate égé[_" and é’l,'{é[

electron positron
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mg, = 143 £0.23 GeV
mg = 202+0.11 GeV

SPS1 scenario meo = 96 + 0.12 GeV
1




T hreshold scans

eTe — (é"RF ér) —ete K

Binned likelihood fit:

meg [GeV] rgR [I\/IeV]
o +0.21 4300
€R €R 143.0_0.19 150_250
— +0.048 +50
ERER 143.0_0.053 200_40

6
5. 10 fb~1 per point
— 4’
@)
=,
o o
2,
1,
0k : : : : :
284 286 288 290 292 294
Vs [GeV]
600 | . |
e"e” — (egrér) e e K
500 ¢ .
1 fb~1 per point
400 ¢
a
=, 300
S
200 ¢
100 ¢
O &

282 284 286 288
SPS1 scenario Vs [GeV]

290

Precise predictions of
excitation curves:

A.F., Miller, Zerwas '01

e Finite widths, gauge
invariance

e Coulomb correction, ISR,
beamstrahlung

e SM and SUSY backgrounds




Testing slepton mass nonuniversality 0

Baer et al '01

Precise mass measurements allow
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Single slepton production

Datta, Djouadi '01 Datta, Djouadi, Muhlleitner '02

For /s < 2mz~ slepton pairs can only be produced off-shell:

o LR
e+e_—>lil;;k—> Z

Livi X,

With high luminosity (500 fb—1) sleptons can be discovered with
my—+/s/2 ~ O(10 GeV)
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Determination of tan 3 from T decay

Production and decay of 7 sensitive to tan g,

in particular for large tang
e T —Tr MIXiNg:

e Higgsino Yukawa coupling
x 1l/cosp

e Neutralino sector weakly depends
on tan g for large tan g

Use 7 polarization in decay
~— — =0
T1,2 — T_RrX] aS probe of tanj
Nojiri '95

For tan3 > 30:
dtanB/tan B ~ 10%

Polarization _—
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Boos et al.
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B(71)
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CP-violation in 7/v+ production and decay

Bartl, Hidaka, Kernreiter, Porod '02

Complex phases possible for u, A+ and bino mass parameter M-

— Effect on
masses of 7, 559, jzki
olete  — TiTi)
B(F — sz;?), B(F — vrXy, ), B(Fo — 71 Z/A9/hO/HO),
P (T — 7')2?)
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Over-constrained set of observables to determine parameters

tan g 3 30

M%L [GeV?] (225+2)-102 (225+6)-102 O(%)

m2_ [GeV?] (1225+4)-10% (1229+7) 102 < 1%
R

ReAr [GeV]  —8+ 180 8 + 55 E_10%
Sm A, [GeV]  —800 + 70 —800 =+ 21

Reu [GeV] 249.9 4+ 0.26 2499 £ 0.6 < 1%
Smu [GeV] 2.4+ 1.7 —-0.2+3.8 ~

tan @ 2.99 + 0.03 2090+07  O(%)
Re My [GeV]  140.9 + 0.2 140.6+0.6 1o,
Sm My [GeV]  —0.7+3.4 0.16 =+ 1.0 ~

Mo [GeV] 280.0 + 0.3 280 + 1 < 1%

Very good accuracy for all parameters if decay 7 — 71+ Higgs

kinematically allowed.
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Light scalar tops

t1 can be lightest scalar quark
— decay into top not possible

Most important channels:

t1 — cXg
—bx7
Beam polarization to
disentangle stop parameters:
P_/P4+= —-08/0.6 — oL
= 0.8/-0.6 — oR

Iterative discriminant analysis
including backgrounds:

Amg = 0.95 GeV
A cosbty=0.0125

15

Nowak, Sopczak '02

SPS5 scenario
mgl — 210 GeV
cosfy = 0.513
micl) = 121 GeV

stop into ¢ neutralino e/e" pol 0.8/0.6
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Bosonic stop/sbottom decays

Hidaka, Bartl '01

.BosoniCdecayS, 1.04—"IIIIIIIIIIIIIIIIIIIIIIIIII"—!-

1 > b1+ (HY or W)
by > &1+ (HY or W)

0.8

can be dominant
due to large Yukawa couplings =04l
and mixings of %1, by

e Different decay distributions

compared to fermionic decays ) DT P P T e
10 15 20 25 30 35
e Large SUSY-QCD corrections, tanf
dominant effects included by SUSY- Mg = 600 GeV
, - p= —700 GeV
QCD running of ¢/q parameters A, = A, = —800 GeV

— Important effect on search for %7, by
and MSSM parameter determination



Conclusions

SUSY precision measurements Wish list for sparticle hunters:

— Test of supersymmetry e Quantum numbers,
relations couplings Vv
— Unravel underlying e Masses Vv
breaking mechanism e Sparticle mixing J/
e tan B and trilinear couplings
v
e CP violation Vv

Still more work to do!



